Abstract Tauopathies represent a class of neurodegenerative disorders characterized by abnormal tau phosphorylation and aggregation into neuronal paired helical filaments (PHFs) and neurofibrillary tangles. AMPactivated protein kinase (AMPK) is a metabolic sensor expressed in most mammalian cell types. In the brain, AMPK controls neuronal maintenance and is overactivated during metabolic stress. Here, we show that activated AMPK (p-AMPK) is abnormally accumulated in cerebral neurons in 3R?4R and 3R tauopathies, such as Alzheimer's disease (AD), tangle-predominant dementia, Guam Parkinson dementia complex, Pick's disease, and frontotemporal dementia with parkinsonism linked to chromosome 17, and to a lesser extent in some neuronal and glial populations in the 4R tauopathies, progressive supranuclear palsy (PSP), corticobasal degeneration (CBD), and argyrophilic grain disease. In AD brains, p-AMPK accumulation decorated neuropil threads and dystrophic neurites surrounding amyloid plaques, and appeared in more than 90% of neurons bearing pre-tangles and tangles. Granular p-AMPK immunoreactivity was also observed in several tauopathies in apparently unaffected neurons devoid of tau inclusion, suggesting that AMPK activation preceded tau accumulation. Less p-AMPK pathology was observed in PSP and CBD, where minimal p-AMPK accumulation was also found in tangle-positive glial cells. p-AMPK was not found in purified PHFs, indicating that p-AMPK did not coaggregate with tau in tangles. Finally, in vitro assays showed that AMPK can directly phosphorylate tau at Thr-231 and Ser-396/404. Thus, activated AMPK abnormally accumulated in tangle-and pre-tangle-bearing neurons in all major tauopathies. By controlling tau phosphorylation, AMPK might regulate neurodegeneration and therefore could represent a novel common determinant in tauopathies.
Introduction
Common neurodegenerative disorders, which include amyloidoses and tauopathies, are characterized by selective and progressive loss of specific neuronal populations. The exact mechanisms triggering neurodegeneration in these disorders remain unclear, but characteristic neuronal or glial inclusion bodies implicating specific proteins have been identified and dictate the current molecular classification of the different neurodegenerative disorders [9, 11] . The amyloidoses, which include the most common form of dementia, Alzheimer's disease (AD), are characterized by the presence of amyloid deposition [14] . In AD, the core component of the amyloid plaques is amyloid-b (Ab), a series of peptides derived from the sequential endoproteolysis of a longer precursor, the amyloid-b precursor protein (APP) [30] . APP is genetically linked to early-onset familial forms of AD and Ab is considered to be a causative factor in AD [37] . Ab deposits, however, are also observed in elderly non-demented individuals, suggesting that amyloid formation is not sufficient to trigger neurodegeneration. AD, like other amyloidoses, is associated with the formation of lesions containing the tau protein called neurofibrillary tangles (NFTs), a process characterized as ''secondary tauopathy''. NFTs are formed by the aggregation of hyperphosphorylated tau in the form of paired helical filaments (PHFs) [3, 26] .
Tau is a microtubule-associated protein involved in intracellular cargo transport via its role in microtubule polymerization and stabilization. Importantly, mutations in the gene encoding tau have been found in familial frontotemporal dementia with parkinsonism linked to chromosome 17 , demonstrating that tau per se can cause neurodegeneration [20, 27] . In this context, FTDP-17 is referred to as ''primary tauopathy'' like several other neurodegenerative conditions, which include progressive supranuclear palsy (PSP), corticobasal degeneration (CBD), argyrophilic grain disease (AGD), Pick's disease (PiD), tangle-predominant dementia, and Guam Parkinson dementia complex (Guam PDC) [11, 38] . AGD is the most common of the primary tauopathies responsible for about 5% of late-onset dementia and may co-occur with CBD, PSP, and AD. AGD affects the limbic lobe structures and is characterized by the presence of both neuronal and glial tau inclusions. CBD is characterized by tau pathology and neurodegeneration in the cortex and basal ganglia, whereas in PSP, the regions affected include the basal ganglia, subthalamic nucleus, and the substantia nigra. PiD affects the corticolimbic regions and there is histopathological overlap with FTDP-17 because most familial PiDs are due to genetic forms of FTDP-17. Guam PDC is an endemic disorder of unknown genetic cause occurring in the Guam islands and in the Kii peninsula in Japan. The disease is characterized by a tangle pathology affecting the cortex and brainstem.
AMP-activated protein kinase (AMPK) is a sensor of cellular stress that maintains energy homeostasis by controlling the activity of several metabolic enzymes. AMPK is a heterotrimeric Ser/Thr protein kinase, consisting of a catalytic a subunit and two regulatory b and c subunits. This kinase is activated during energy stress by different upstream kinases via Thr-172 phosphorylation within the activation loop of the catalytic a2 subunit (Thr-183 in a1) [4, 19] . AMPK is expressed in most mammalian tissues and cell types, including in cerebral neurons where it is believed to play a critical role in the control of energy homeostasis [35, 36] . Indeed, neurons, as compared to other cell types, do not efficiently store nutrients, while they are highly metabolically active by executing highenergy demanding functions, such as maintaining action potentials, making them very sensitive to energy fluctuations [35] . It is, therefore, believed that AMPK is essential for neuronal integrity and survival. In the mammalian adult brain, AMPK is predominantly expressed in neurons and strongly localizes to the nucleus [6, 40, 41] . AMPK activation has been extensively studied in hypothalamic neurons for its role in food intake [5, 33] . Little is known, however, about the constitutive levels of activation of AMPK in neurons or in glial cells in other brain regions, such as the hippocampus and cortex. Recently, we confirmed by immunohistochemistry in mouse brain that activated AMPK, phosphorylated at Thr-172 (p-AMPK), is present in the nucleus of most cortical and hippocampal neurons, whereas no significant staining for p-AMPK was found in hippocampal astrocytes [41] . Therefore, under normal conditions in the brain, AMPK is mostly active in neurons and localizes to the nucleus.
Strong evidence indicates that cerebral AMPK is overactivated during energy stress triggered by ischemia, hypoxia, or glucose deprivation, for instance. Whether this overactivation of AMPK is neuroprotective or neurotoxic is, however, a matter of debate [6, 15, 28] . AMPK activation protects primary neuronal cultures from excitotoxicity and several other insults, including exogenous Ab treatments [6, 25] . Furthermore, mild caloric restriction, exercise, or treatments with the hormone leptin or with the natural polyphenol resveratrol (four interventions known to activate AMPK) were found to prevent different neurodegenerative mechanisms in cell culture systems or mouse models [7, 8, 16, 41] . Work conducted in animal models of stroke found, however, that AMPK activation could be detrimental to neuronal survival [29, 32] .
Here, we show that activated AMPK phosphorylated at Thr-172 (p-AMPK) is abnormally and massively accumulated not only in tangle-containing neurons in AD, but also in all the major primary tauopathies, including PSP, CBD, AGD, PiD, FTDP-17, Guam PDC, and tangle-predominant dementia. Co-localization was found in nearly 90% of neurons immunoreactive for PHF1 (phospho-Ser-396/404 tau) and CP13 (phospho-Ser-202 tau). Because CP13 decorates early and mature tangles whereas PHF1 stains mature and late tangles, we concluded that p-AMPK strongly co-localized with tau in both pre-tangle-and tangle-bearing neurons in these disorders. Most regions affected by tau pathology in all the cases examined showed p-AMPK accumulation. At the subcellular level, we observed a shift of p-AMPK localization from the nucleus, observed in normal controls, to the cytoplasmic compartment where p-AMPK abnormally accumulated.
Co-localization between hyperphosphorylated tau and p-AMPK was not always observed. Indeed, cytoplasmic granular p-AMPK immunoreactivity was also found in AD, tangle-predominant dementia, and Guam PDC brains in apparently normal neurons devoid of any hyperphosphorylated tau, suggesting that AMPK activation preceded tau phosphorylation. Weaker p-AMPK pathology was observed in PSP and CBD, as compared to AD, where minimal p-AMPK accumulation was also found in tanglepositive glial cells. Further, p-AMPK was not found in purified PHFs, indicating that p-AMPK did not co-aggregate with hyperphosphorylated tau in NFTs. Finally, we found that in vitro recombinant AMPK directly phosphorylated tau at residues Thr-231 and Ser-396/404. Thus, the activated form of AMPK exhibits an abnormal pattern of accumulation in tangle-and pre-tangle-bearing neurons in AD and in all major primary tauopathies. Although it remains to be determined whether AMPK activation is detrimental or neuroprotective in tauopathies, our data suggest that, by controlling tau phosphorylation, AMPK might be critical for the neurodegenerative process of these diseases.
Materials and methods

Materials
PHFs were isolated from an AD brain as described previously [23] . Polyclonal rabbit antibodies directed against phosphorylated Thr-172 aAMPK were purchased from Abcam Inc. (Cat.# ab51110; Cambridge, MA, USA) and Cell Signaling Technology (Cat.# 2535; Danvers, MA, USA). Mouse monoclonal antibodies PHF1, CP13, 2E12, MC6, PG5, CP3 and CP27 are described in Table 1 . Highly specific 2E12 antibody directed against phosphorylated Thr-231 tau was generated as described before [10] . AICAR (5-aminoimidazole-4-carboxamide-1-b-riboside) was from Sigma-Aldrich (St. Louis, MO, USA). a1/2AMPK null mouse embryonic fibroblasts were obtained from Dr. Keith R. Laderoute (SRI International, Menlo Park, CA, USA).
Human cases
Samples from the hippocampus and neighboring entorhinal and temporal isocortex were obtained from the individuals listed in Table 2 . Samples of the basal ganglia were obtained from the CBD and PSP patients ( Table 2) . Tissue was obtained from Mayo Clinic Jacksonville brain bank for neurodegenerative disorders and neuropathological diagnoses were made according to current criteria [11] .
p-AMPK immunohistochemistry
Free floating sections (50 lm) or 5-lm-thick sections of formalin-fixed paraffin-embedded brain tissue samples were immunostained with rabbit polyclonal antibodies directed against p-AMPK (Abcam, 1:200 dilution; or Cell Signaling, 1:100 dilution). The primary antibodies used in this study and their dilutions are summarized in Table 1 . For staining of free floating sections with p-AMPK (Abcam), non-specific binding was blocked by incubating the sections with 3% hydrogen peroxide, 0.25% Triton-X100 in Tris-buffered saline (TBS) for 15 min at room temperature (RT). After washing in TBS containing 0.05% Triton-X100 (TBS-T), sections were blocked in 5% normal goat serum, 1 mg/ml BSA, 1 mM NaF, 0.05% Triton-X100 in TBS for 1 h at RT. Sections were then incubated in the presence of primary antibodies diluted in TBS containing 1% goat serum, 1 mg/ml BSA, 1 mM NaF and 0.05% Triton-X100 overnight at 4°C in a humidified chamber. After washing, the sections were incubated with biotincoupled anti-rabbit secondary antibodies (1:1,000 dilution) before incubation with streptavidin-horseradish peroxidase (1:1,000 dilution, Southern Biotech, Birmingham, AL, USA) and visualization with diaminobenzidine tetrahydrochloride. For paraffin-embedded human brain sections from AD and other tauopathies, the slides were deparaffinized by immersion in xylene and hydration through In vitro phosphorylation assay for tau Direct phosphorylation of tau by AMPK was examined by in vitro kinase assay. Five nanograms of active recombinant human AMPK (a1b1c1, Sigma-Aldrich) was incubated with 5 lg of recombinant 2N4R tau (rPeptides, Bogart, GA, USA) in kinase buffer (20 mM HEPES, 1 mM MnCl 2 , 1 mM MgCl 2 , 1 mM DTT, 100 lM sodium orthovanadate, 1 mM Na 2 ATP) in a final volume of 50 ll for 6 h at 30°C. Recombinant human GSK3b (5 ng, R&D Systems, Minneapolis, MN, USA) was used as a positive control. Kinase reactions were terminated by addition of 39 Laemmli buffer and boiling of the samples. Phosphorylation of tau was assessed by western blotting (WB) using anti-p-tau (PHF1, CP13, CP3, MC6, PG5, 2E12) and anti-total tau antibody (CP27).
Cell culture and treatments a1/2AMPK null fibroblasts were grown in 1:1 DMEM/ Opti-MEM supplemented with 10% fetal bovine serum, 
Western blotting
Cell extracts (5-20 lg), purified PHFs (*100 lg/ml), or samples obtained from the kinase assay were analyzed by SDS-PAGE using antibodies listed in Table 1 . Cells were washed with phosphate-buffered saline and solubilized in ice-cold HEPES buffer (25 mM HEPES, pH 7.4, 150 mM NaCl, 19 complete proteases inhibitor mixture, Roche Applied Science, Indianapolis, IN, USA) containing 1% SDS. Samples were electrophoresed on 10-20% gels (Biorad, Hercules, CA, USA) and transferred onto 0.45-lm nitrocellulose membranes. Membranes were blocked in 5% fat-free milk in TBS, and incubated with primary antibodies overnight at 4°C. A standard ECL detection procedure was then used.
Results
Specificity of the anti-phospho-Thr-172 aAMPK antibodies
Specificity of the polyclonal antibodies directed against phospho-Thr-172 aAMPK (p-AMPK) used in this study (see Table 1 ) was first analyzed by WB in wild type (WT) and a1/2AMPK knockout (KO) mouse embryonic fibroblasts. As expected, immunoreactivity at the predicted molecular mass of AMPK a subunits around 62 kDa was observed in WT but not in KO cells (Fig. 1a) . The observed immunoreactivity in WT cells increased upon activation of AMPK by the AMP analog AICAR, indicating that the antibodies reacted with activated AMPK. Antibody specificity was then analyzed by WB in temporal cortex brain homogenates from three AD and three normal control individuals. The antibodies revealed immunoreactivity at around 62 kDa in the brain homogenates (Fig. 1b, upper panel) . No obvious difference in p-AMPK levels was observed between patients and controls in this brain region in the small group analyzed, whereas immunoreactivity for PHF1 antibody (phospho-Ser-396/404 tau epitope, Table 1 ) was strongly elevated in the AD patients (Fig. 1b, lower panel) . These data suggested that the anti-p-AMPK antibodies are specific and do not cross-react with phospho-tau (p-tau) epitopes. This was confirmed by the observation that the anti-p-AMPK antibodies did not react with purified PHFs, which were as expected massively immunoreactive to PHF1 (Fig. 1c) .
Abnormal accumulation of p-AMPK in cerebral neurons in AD brains
In all AD brains examined (see Table 2 ), we observed a strong immunoreactivity for the activated form of AMPK Fig. 1 p- in different regions. p-AMPK accumulation was found in abundance in neurons of the hippocampal formation, including the CA1 region (Figs. 2a and S1 ), the entorhinal/transentorhinal region (Fig. 2c) , and cortex (Fig. 2d) , with a pattern resembling tangle-like neuropathology. p-AMPK immunoreactivity in the AD brain was confirmed using another source of polyclonal antibodies (Table 1 ; Fig. S1 ).
At least three types of p-AMPK staining were observed: (a) granular intraneuronal (Fig. 2e) , resembling pre-tangle p-tau aggregates; (b) tangle-like intraneuronal (Fig. 2f, g ), resembling intraneuronal tau NFTs; and to a lesser extent (c) extraneuronal (Fig. 2h) , resembling ghost tangles. p-AMPK immunoreactivity was also evident in dystrophic neurites surrounding amyloid plaques (Fig. 2a, b , arrowheads) and in neuropil threads (Fig. 2i) , which represent two other histological abnormalities due to tau pathology in AD brains. p-AMPK staining was predominantly nuclear in neurons of the hippocampal and cortical regions in normal control brains (Fig. 3a-c) . Immunohistochemistry of p-AMPK performed in 50-lm floating sections (Fig. 2) was confirmed in 5-lm sections of formalin-fixed paraffinembedded AD brain samples (Fig. 3d, e) . This staining confirmed the strong accumulation of p-AMPK in tanglebearing neurons and in dystrophic neurites surrounding amyloid plaques in both the hippocampus and cortex (Fig. 3d, e) . As compared to normal control brains (Fig. 3a-c) , p-AMPK abnormally localized in the entire cell body in numerous neurons in the AD brains (Fig. 3d,  e) , indicating the presence of a shift of p-AMPK from the nucleus to the cytosol in some neuronal populations in AD. 
p-AMPK accumulation in cerebral neurons in primary tauopathies
Neuronal tau accumulation in AD has been suggested to follow amyloid deposition, while this is unlikely to be the case in the primary tauopathies. In the FTDP-17 cases examined, tau accumulation is due to mutations in the tau gene (N279K or P301L, see Table 2 ). Abundant staining of neuronal inclusions with anti-p-AMPK antibodies was found in all four cases of FTDP-17 examined here (Fig. 3f-h) , implying that activation of AMPK is associated with tau pathology even in the absence of amyloid deposition. Similarly, all cases of Guam PDC showed abundant tangle-like staining with antibodies to p-AMPK (Fig. 3i, j) . Tangle-like staining was also evident in tangle-predominant dementia cases (Fig. 3k, l) as well as in CBD and PSP (Fig. 3m, n) . In these latter two diseases, tau staining revealed significant numbers of ''astrocytic plaques'', but these structures were not detectable in sections stained for p-AMPK (not shown). The somewhat different tau inclusions (Pick bodies) present in brains of cases of PiD (Fig. 3p-r) or AGD (Fig. 3o) were strongly positive for p-AMPK, showing that activation of this kinase appears to be associated with different types of neuronal tau inclusion, in addition to classical NFTs.
p-AMPK and p-tau co-localization in AD and primary tauopathies Anti-tau antibodies specific for phospho-Ser-202 (CP13 ,  Table 1 ) or phospho-Ser-396/404 (PHF1) were used to detect different aspects of tau pathology. CP13 is commonly used to detect tau pathology in both early (pre-tangles) and more advanced stages of NFT accumulation, whereas PHF1 is a marker for later stage tangles [1, 2] . In order to determine whether p-AMPK accumulates in both pre-tangles and tangles, we assessed p-AMPK and p-tau co-localization by double-immunofluorescence staining in the brains of AD and primary tauopathy patients using CP13 and PHF1 antibodies. In most cases, we observed a robust co-localization of p-AMPK with both phospho-Ser-202 and phospho-Ser-396/404 tau in AD brains in the different regions examined, including the CA1 (Fig. 4a-e) . We estimated that more than 90% of CP13-or PHF1-positive neurons showed robust accumulation of p-AMPK in the cortex and hippocampal region. With some exceptions, granular intraneuronal staining of p-AMPK appeared in apparently normal neurons devoid of any (or with weak) p-tau immunoreactivity (Fig. 4f, g, arrowheads) , indicating that p-AMPK did not always co-occur with p-tau and may precede tangle formation.
In tangle-predominant dementia, FTDP-17, Guam PDC, and AGD brains, a strong co-localization between p-AMPK and phospho-Ser-202 tau was found in neurons in different regions, including in the CA1 (Fig. 5a-i) . Anti-p-AMPK antibodies also decorated Pick bodies in the dentate gyrus of PiD patients (Fig. 5k) . In line with what we observed in AD brains, granular intraneuronal staining of p-AMPK that was not immunoreactive for p-tau was also found in tangle-predominant dementia (Fig. 5b, c) , Guam PDC (Fig. 5f), AGD (Fig. 5h) , and PiD cases (Fig. 5j) . As compared to AD, less p-AMPK pathology was observed in CBD and PSP. On the other hand, some neurons in several regions, including basal ganglia, showed substantial colocalization between p-AMPK and p-tau in these tauopathies (Fig. 5l, n) . Minimal p-AMPK accumulation was also observed in tangle-positive glial inclusions in CBD (Fig. 5m) and PSP (Fig. 5o, p) .
In vitro phosphorylation of tau by AMPK Microtubule-affinity regulating kinases (MARKs) are members of the AMPK family and were proposed to directly phosphorylate tau [31] . In this context, we asked whether recombinant AMPK could trigger phosphorylation of recombinant tau in vitro. AMPK failed to phosphorylate tau on Ser-202, Ser-214, or Ser-235, but triggered efficient phosphorylation on Thr-231 and Ser-396/404, and to a lesser extent on Ser-409 (Fig. 6) .
Discussion
In the present study, we assessed for the first time the levels of activated AMPK in postmortem brain samples in AD and other major tauopathies (Table 2) . By immunohistochemistry using two independent polyclonal antibodies specific for phospho-Thr-172 AMPK (Table 1) , we determined that p-AMPK accumulated in pre-tangle-and tangle-bearing neurons in all tauopathies examined, which include AD and the primary tauopathies FTDP-17, PSP, CBD, AGD, PiD, Guam PDC, and tangle-predominant dementia (Figs. 2, 3, S1 ). Strikingly, p-AMPK accumulation was found in more than 90% of neurons bearing hyperphosphorylated Ser-202 and Ser-396/404 tau epitopes (Figs. 4, 5) . Furthermore, p-AMPK was found in neuropil threads and dystrophic neurites surrounding amyloid plaques, two classical PHF deposition sites in AD (Fig. 2) . This pattern of p-AMPK accumulation in the entire cell body and in neurites was not observed in normal agedmatched control brains (Fig. 3a-c) .
AMPK subcellular localization is controlled by its subunit composition and its level of activation [39] . We and others found that cerebral neurons predominantly express the catalytic a2 subunit and that activated AMPK preferentially localizes to the nucleus [40, 41] . In the present study, we confirmed in normal human brains that constitutively activated p-AMPK was mostly nuclear (Fig. 3a-c) .
Analyses by WB showed that total p-AMPK levels in temporal cortex homogenates from three AD and three normal control individuals were not significantly changed between diseased and normal brains. Although this WB analysis should be taken with caution because it was performed on total brain cell homogenates and on a small , and PSP (n-p) patients. a-j CA1, k dentate gyrus, l-p basal ganglia. Scale bar 10 lm group of individuals, these results suggest that the main effect of tau pathology is not to activate AMPK but rather to trigger its translocation from the nucleus to the cytosol where the kinase may functionally interact with tau.
Our results showed that AMPK phosphorylated tau in vitro at sites that are targeted in AD and other tauopathies, suggesting that AMPK like many other kinases, such as GSK3b, cyclin-dependent protein kinase 5 (cdk5), MARK1, or ERK2, could represent a key player in tau hyperphosphorylation and aggregation in tauopathies. However, it will also be important to confirm these in vitro data by determining in cell lines and animal models whether AMPK activation (triggered or not by mutated tau) can actually promote tau phosphorylation at residues relevant to PHF formation. These results will be important because previous work has shown that AMPK activation is involved in neuroprotection upon cellular stress. Indeed, a large body of literature supports the notion that AMPK activation is beneficial not only for neuronal maintenance and survival under normal conditions but also upon metabolic stress triggered by several pathological conditions [35, 36] . Studies in drosophila have strengthened this notion by showing that AMPK deficiency causes neurodegeneration [35] . Furthermore, the AMPK activating hormone leptin was found to reduce tau phosphorylation in an AMPKdependent manner in cell lines [16] . Previous work, including our own, also demonstrated that AMPK is neuroprotective in part by activating autophagy, an evolutionary conserved lysosomal pathway involved in the disposal of several aggregation-prone proteins, such as Ab [21, 34, 41] and tau [12, 18, 42] . In some instances, however, AMPK activation was found to be detrimental to neuronal survival [29, 32] . It is thus tempting to speculate that tau pathology results in a similar situation of metabolic stress that may represent a trigger for AMPK cytosolic translocation. Based on our in vitro data showing that AMPK can directly phosphorylate tau, we can further hypothesize that in the specific in vivo situation of the diseased neurons, AMPK could interact with tau in the cytosol after translocating from the nucleus to enhance the phosphorylation and destabilization of the microtubuleassociated protein. Further work in cell and animal models will allow us to test this hypothesis by determining whether the cytosolic accumulation of activated AMPK co-occurring with tau pathology is detrimental or neuroprotective. Additional experimental approaches will also be needed to determine how tau pathology leads to AMPK accumulation. Granular p-AMPK immunoreactivity was found in different tauopathies, including AD, in apparently unaffected neurons expressing minimal phosphorylation of tau (Figs. 4f, 5f, j), suggesting that AMPK activation preceded tau phosphorylation and aggregation and thus may be triggered by very early events in tau pathology.
In summary, we show for the first time that activated AMPK is abnormally and massively accumulated in pretangle-and tangle-containing neurons in AD and in all the major primary tauopathies examined. Most regions where neuronal tau pathology occurred showed p-AMPK accumulation in the different cases examined. Granular p-AMPK immunoreactivity was also observed in AD and several other tauopathies in apparently normal neurons devoid of hyperphosphorylated tau, suggesting that AMPK accumulation is an early event preceding tau pathology. Furthermore, we found that AMPK phosphorylated tau in vitro at residues relevant to PHF formation. Together, these data indicate that AMPK activation, by co-occurring with tau pathology and by mediating tau phosphorylation, might represent a key event in the control of the neurodegenerative process in tauopathies.
